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0XYGEN-C0MPLEXIN6 ULTRATHIN FILMS BY INTERFACtAL POLYMERIZATION 

BACKGROUND OF THE INVENTION 

polymeric films. For the most part, these th.n ?^^ b ?"3on 0" separations as used in the 

res^^^ 

» entitled "Membranes in Separations" (1975) by Hwang ^° y ^ of ^ proces8 . Hi gh flux is 

fto^ t»pes rf membranes ha* teen made ^"^^tJSli. (*»«■> ceMos.0 

. aeeta», polysulfon.. polyacrylonWII., ^^ di ^^!™^ d l. du8 0Iiman1y B calotte. Cadotte 
The second breakthrough In making thin setectrve ^^ZZSZZS^'-^M 
bonowed <n» th. teachings of Magan. who trtt dented n ^ng wo 

are so highly reactive with one another. no ,„ mori , fi « 0 n technlaues to produce extremely thin, 

Cadotte used such kno^ge o 
35 supported films such as are d.sclosed in U.S. p ™™™**'^ usad .... solutJon to fi || the pores of a 

«. Cadoae technotogy ^.J^^.S^iSS--- »W * 

Werfad*. Among t» ImporW crremr*es a* po^mWa X,^?S*es an, also oWcdbed. 
oolyrirethanes. polysuHonamldea. and, P*J*V-rJ*J ^^^Ls. thin mtertadal Jims: 
« Morganand others have also described the ^ " J™"^ d M ^ reac^, and the 
tempUure. me naure or the ■ff'i^SS^^^ — *• I- ■ 

years include the use of biocKeo or P 1 ™"™ ^ their chemistry, and the use of 

chemistry of the finished film, the use of posttreatment ^ n ^ Q ^^^' tias ^ organic 
M heteroatoms in the monomers to aiier the ^^^^ «*. 

»~ ^ ~ l ° L into te — chem " 

reactions with another substance. 
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SUMMARY OF THE INVENTION 



According to the present Invention there is provided a class of thin films with a t differed Jdnd of 
, nJSr *w the classic organic chemistry -functionality" referred to above In the ^"text (rf the 
invention, "functionality" is defined to mean the state of being P»***™^ 
in the case of a moiety that has oxygen-specific reversibly-complexmg complexing sites. The term is not 
intended ^cMKMc cZica. reactivity owing to the presence of free Itacta-r groups m 
*e classic organic chemistry sense, such as a vinyl group, a hydroxyl group or a wrboxyl group Th thin 
o fil of the pLnt invention are physicochemicaliy functional in the sense of SS55 
of oxygen complexion. It has been found that the IP method can be used to produce ultramin (20 to 2000 
13ers thick) films that contain such functionality as an integral part of the polymenc film 
ultimate film retJns the physicochemical functionality of the original monomenc moiety. The IP method _of 
TpmJS^Ln provides means for incorporation of the oxygen-complexing monomelic moiety into 
r, Z SI *" ^ut substantially altering its oxygen-comp.ex.ng ^^^^-^J^iS 
with that same oxygen-complexing functionally. Thus, in a sense, the present invention may be regarded 
Ta method of binding an oxygen-complexing moiety within a thin polymeric matnx. while at the same time 
leavina that moiety available to enter into its characteristic oxygen-complexing reactions. 

p£mZ such uttrathin reversibly oxygen-complexing films is essentially a two-step process 

" ^'Tl^inTo^or more polymerizable derivatives of a discrete rnonomeric or prepoiymeric molecule 

^STp^ fhederiva^s) of the molecule so as to imbue the film wltt 
substantiJrthe same oxygen-complexing funct.ona.ity as possessed by the original monomenc or 

25 ^Tn term? oTalhtnica. reaction, the foliowing representational scheme summarizes the method of the 
present invention: 
MpXcn + M F Y n polyM F 
or 

30 l F e7e + MHsT^ome ri y c M or prepolymerlc molecule or moiety with an oxygen-specKic oomjfadng 
functonalitv N is a rnonomeric or prepolymeric molecule or moiety not having any oxygen-speaftc 
SS'functionirx and Y are chemically functional groups in the classic organic chemis^ sense 
sSch riineV and acid chlorides, which have complementary reactivity (such as in a 

35 reactio^ altowina them to undergo IP; m and n are integers *2; IP Is an interfacial polymenzation reaction, 
and Smp^ ^anTerTaclal^lymerized polymer containing discrete repeating units of the oxygen- 

^TrconvetK the original oxygen-complexing monomer. M, into the polyrnerizable^ .onomeric 
^ uy * m v is carried out bv standard synthetic techniques so as to retain the oxygen- 

Srious types of X and Y reactive groups which could be used and may also have to be modrftec I to «w» 
S"*e oxygen^omplexing functionality of M F is retained. Specific examples of the X and Y ™^ally 
Teac^e ales and acid halides (to form polyamides). alcohols and add hahdes (to form 

oolvesters) thiols and acid halides (to form polythioesters). amines and isocyanates (to form polyu eas . 
« aTcXt I (to form polyurethanes). and amines and sulfonyl halides (to form , porysuK 

^LT ofter lesser known but potentially useful examples of mutually reactive groups capable of 
^S^^S^^ m set forth in Chapter 9 of Morgan. "Condensation Polymers: By 
Interfacial and Solution Methods 0 (1985). 
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DETAILED DESCRIPTION OF THE INVENTION 



55 



According to the present invention, ultrathin films containing r versibly <W^ m ^ n *^™^* 
mav to oSred by IP methods. The term "films' is meant to include films in the shape of M sheete. 
Zs ho^rs microcapsules, or beads, in most appBcations. because the ^^^^ 
to be self-supporting, in use they would be applied as a coating on some physically robust substrate 
in one of the above-described shapes. 
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The method of irvtertacial polym rization of oxygen-complexing molecules can also ^JW ,ied *> ^ 
J^L n ^ThiahrsXctive high flux membranes and of sorbents for oxygen separations. To be 

te^ Sivatives such that an IP reaction can be carried out between them; and (3) make an ultra* in 
mJZI b TlP on a suitable micropores substrate. The membrane will have the select.vrty mherent in 
me original oJgeL.ect.ve chemical moiety, and the membrane will exhibit very f * 

areat tMrmessK the membrane is made under conditions that lead to a crosslmked polymeric matrix, for 
SptrbTreactng a trifunctional-derivatized moiety with a complementary drfunctional-denvatized mo, 
Atv the resuitina membrane should also exhibit good stability. 

^ In the even?iTn is desired to produce a selective oxygen sorbent composition, the 'P ^ may 
be meX carried out at the interface of two immiscible solvents without a mlcroporous support Such 
t flin may be used in a manner similar to the way in which a molecular sieve or a carbon sorbert is 
Sed Te le 1 in granular form or on the surface of a support may be exposed to the flu,d from wh,ch 
Sygen is desired to be removed. Oxygen is then stripped from the sieve or sorbent in a relatively pure 

reverslbly reactive sites can reversibly complex with oxygen that is in turn transported through the film by a 
drivina force such as a concentration gradient or a pressure differential. 

B?oadT such oxygen-selective membranes are thin film composite membranes comprising a micro- 
porous support Tend IS thin film interfacia. polymerization reaction product of ^^-Jj* ^ 
a moiety having oxygen-specific reversibly-complexing complexing srtes. N is a mole* no . havmc | any 
o)Trs P 2ific com^exin sites. X and Y are groups that are mutually reactive ,n a condemn action. 

L inteaers S2 The X and Y groups that are mutually reactive In a condensation reaction are 
SecTe Tfrom ™ 7 rfutuSy reactive groups mentioned in "Background of the Invention- above and 
^erZ^lected from acid halides. amines, alcohols, aldehydes, thiols, isocyanates and suKonyl 

ha,id it e ?s known that certain metalloporphyrins. certain metallo-Schiff base complexes, and certirfn metdloph. 
thaiivanlnM can selectively complex oxygen and that membranes containing these groups can selectively 

of oxvaen over nitrogen see Hishide et al. In Macromolecules . Vol. 20. pp. 417-422 (1987) . who desc noe 
f u rSec?ve oxygen transport in a polymeric membrane containing Co(ll) porphyrin groups. It s afco 
, Tltaf^ such as cobait(.«) , o, ^-J^^ « »* 
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plexes are shown below 
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Metalloph *- halQC Y ani|ies 
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wherein hi is a metal of +2 v,*e» - W* *** "•"*" ^ 

rhodium; X is -0-.-S-.- p-or-H-; 

3SSssi-= " 

Example 1 
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The «aca*ox»»c add derive tf ^ ^1 * 
=» » corwerted toteack. <^<^*^^£££^ •* reSdue appeared to 
to, ,0 heure. E»»*s MUX ^"^^^"S to ZU the la« traces o. Wo* 

(DETJonamicroporoussupportbyathre^P Pr^- ^ ^ was damped 

Rrst, a microporous polypropylene c™^^**> then placed in a petri dish that 

between two 2.5-lnch-ID polypropylene annular rings. This assemwy was 
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^inad a io-sm solution of the acid chlorideKlerivataed tetraphenyl porphynn monomer <* lor *°™ ft 
contained a 10 M solution °* *™ coincided with the upper surface of the 

The level of the porphynn solution was adjusted so max nw 

base porphynn polymer to the coDarew P°^"" ^ » aorjearance of the alpha and beta bands 

formation of ». oxygen complex (M. BenseWlk « al, 97 ,M£|B After ttHBe ntaM «e oxyfjST^i 
SSJfSS nm. indicating the film reversibly sorbed and desorbed oxygen. 

) 

Example 2 
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recurring units of structure XiV 
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XIV 

where PFe(ll) is iron (II) porphyrin. 

Example 3 



30 An aqueous solution of tetra-(aminophenyl)porphyrin iron(ll) is reacted with a solution of an iron(l) 
porphyrin acid halide such as tetra-(carboxyphenyl acid chloride)porphyrin iron(ll) in methylene chloride, to 
yield a supported ultrathin polymeric membrane containing slightly more (i.e., 10 to 20%) porphyrin groups 
per unit weight than structure XIV in recurring units of the structure XV. 
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C=0 &tsO 

! ! 

50 XV 

Oxyaen-transporting membranes can also be made from metallo-Schiff base compounds by the IP 
process. The incorporation of metallo-Schiff base complexes into an uttrathin membrane may be accom- 
65 pushed by the same general method described earlier. That is. two complementary derivatives of the 
metallo-Schiff base moi ty are prepared, which are then reacted by IP. 
For example, the first derivative may have the general structure XVI 
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where at .east two of the R groups are « f^STS^X S^ffll 
NCO or COX where X is halide) or alkyl or aryl groups ^^^^^^JU halide. 
functional groups, and the remaining R groups are selected I from aW. ayU ^^ J^ or more 
Ketoxy. and amino. The second 

condensation-polymerizable functional groups ; *at have comp^ ^^ndensaSon reaction need not be a 
of the first derivative. Alternatively one d the two reactor* unto. ^Jj^ducl of the two reactants. 
metalto-Schiff base. The polymer is formed as ^^^^'^ ^ the first reactant 

the reaction taking place at the interface be^een tw >^™°J°^ m ™™^ ^ po.y-Schiff 

sm». ~ rrasssr- * - ^ * . ^ 

salt in the presence of a base. matelln .e-hiff hasa is the IP reaction, on the surface of a 

polymeric Schiff base XVIII, as shown below: 
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XVIII 



Oxygen is reverslbly bound 



so 



adducts XIX and XDCa, according to the reaction: 



by the polymeric Shift base in the presence of an axial base. B. to form the 
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XlXa 

wHere B Is an ada, base se.ected fro. 

Lewis bases containing secondary or ^Jf°^^S^SSS Miethylenediamine, 4- 
methylimidazole, 2«ne^^^ 3>4 . lutidinei 
dimethylaminopyridine, 4-aminopyrioine. pyndme, ^J-Jjjpjrt^^ ^ ^ 

3,5-lutidlne. 4<yanopyridine, 4-methoxypyridine. 4,4-bipyndine, pyrazine, V y 
methylpyradnium halides. . ineoroorated into polymeric thin films 

oto, ski. ot ft. iwi*** ft. produc* *fVj*- * iLaUon across ft. mOTbraw. 

sorbent film. 
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^.■^ctSTnSroi claim 3 wherein «. MMM b- * — * «"- »» 
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rhodium; X Is -O-.-S-.-P- or -N-. 
chloride. tetra-(carboxyphenyi an« interfacial 

-rr ssi — — - =sr 
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© oxygen-complexing ultrath.n films by Interfacla. polymerization. 

© Interfacially-polymerized ultrathin films contain- 
tag oxygen-complexing functional groups are As- 
closed, both with and without supports. Vanous ap- 
plications are disclosed, including selective mem- 
branes and sorbents. 
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